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Kbrwarding  report  euid  notingf 

"The  attached  report  summarised  3-l/2  years  of  activity 
of' 6U1  Eastman  Kodak  group  in  msuiy  fields  covered  by  the 
general  title,  ''Studies  of  Thickened  Liquids.”  Start¬ 
ing  as  a  fundamental  study  of  the  rheology  of  thickened 
fuels  the  project  moved  on  to  include  a  wide  range  of 
V  •  '  problems  associated  with  development  work  by  other 

^  contractors  on  inoendiarios  and  flame  throwers.  The  work 

included  studies  of  small  jet  performance,  the  effect  of 
oxidation  and  of  moisture  on  the  stability  of  Napalm, 
Napalm  manufacturing  problems,  dehydrating  agents,  the 
'  effect  of  various  peptizers  on  thickened  fuels,  ainomalous 

affects  of  compounding  temperature  and  of  storage  tempera¬ 
ture  on  the  consistency  of  Napalm,  various  fiber  additives 
the  appraisal  of  other  thickening  agents  than' Napalm,  the 
performance  of  portable  flame  throwers  with  various  thiok- 
,  ^  eners,  the  pumping  characteristics  of  Napalm  thickening 

fuels,  and  methods  of  mixing  Napalm  and  gasoline.  The 
last  two  fields  of  activity  led  to  development  of  equip¬ 
ment  for  mixing  Napalm  under  subcontract  with  the  Ferro 
Enamel  Corp.  and  a  purchase  order  on  the  Cleaver- Brooks 
Co.,  and  to  the  development  by  the  Eastman  group  itself 

•  of  a  pump-operated  flame  thrower t  At  the  end  of  the  WEur 

•  this  principle  of  mechanized  flame  thrower  design  held 
great  promise,  and  the  work  is  continuing  under  a  direct 

^  contract  with  the  Chemical  Ktarfare  Service.” 
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OQMrianixiAL 


TIM  wm  wiMr  MatiMt  oai«r>33t  «m  watertatoa  la 
April  19%2  vltli  a  rlaw  to  dataialiilag  tlw  rtMolasiaal  prapat^ 
tiaa  of  thlokaiiad  raaitanta  aad  tiM  riaao-alaatla  nalAo  tiMa 
balac  daralapad  far  aaa  aa  mala  la  flaaa  taraaero  aad  laaaa 
diarp  baaba.  thaaa  prapartlaa  vara  atudlad  bp  aaaaa  af  Olaife- 
Wodaaaa,  lUtaHl^ai*  aad  Klgb  Praaaara  Capillarp  vtaaoalaatara, 
a  apaalal  Javalar*a  Latba  vlaooaiaatar  vbiaii  aaa  daaaiapad  far 
aaa  la  tha  atadp  af  abort  tIaa  affaata  aad  a  Rasoaaaaa  Rlaa- 
taaatar  oitli  tha  aid  of  oMah  rlciditp  aad  riaaooitp  aaald  ba 
dataiaiaad  at  fraqaaaaiaa  ap  to  aoaaatp  apalaa  par  aaoaad. 


tha  thiakaaad  bpdraoarboa  flaida  ahiah  oara  atadiad 
iaaladad  llapala,  thaa  kaam  aa  MOb,  atbar  alaalaaa  aaap 
thiakaaad  faalo  darAapad  bp  tha  Calaabia  Uaiaaraitp  aad  Maaaa- 
ahaaatta  Xaatitata  af  Taabaalagp  Laboratorlaa  of  taa  (Thaalaal 


■arfara  t^rrlaa*  iaabatpl  aathaaiplata  iatanalpaar  gala  aad 
athar  iaabatpl  aathaovplata  famaatiaaO(oaaa  aa  F-Wl,  djdd 
aad  ITff,  daraiapad  bp  OaPaat.  All  thaaa  flaida  vara  foaad  to 
ba  paaadaplaBtia*  haaiag  aaoh  highar  aiaaoaiUaa  at  lav  thaa 
at  high  rataa  of  abaar*  la  additioa«  all  ahaaad  aaaaaaabla 
rigiditp,  aad  aaaa  diaplapad  thiaatrapp,  plaid  valaa,  aark 
hardaaing,  aad  aftofN-alaatia  affaata  in  varpiag  dagraaa. 

Ualgaitad  1/d-iaoh  Jat  oapariaaata  oara  nada  ia  aa 
attaapt  to  aarralata  parforaaaao  af  thiakaaad  flaida  ia  tha 
flaaa  thraoar  (i.a.  raaga)  aith  thair  fhaalagiaal  prapartlaa. 
la  aigaifiaaat  aarralatioa  aaa  obaarvad  batooaa  raaga  aad  aap 
aariama  asaapt  tha  apparaat  rioaaaitp  af  tha  flaid.  iftM 
aioaaoitp  at  a  rata  of  ahaar  af  faar  raaiproaal  oaaaada  (datar. 
aiaad  aith  laoMiahaal)  aaa  plattad  agaiaot  raaga  far  a  awbar 
af  flaida  aoaparad  at  tha  aaaa  iaiUal  (aozalaJ  kiaaUa  aaargp, 
tha  date  far  laataaiaa*  paaaSoplaatia.  thiaatrapla  aad  dllataat 
flaida  aaaaring  a  aiaeoaite  raaga  af  0.1  to  iOOO  paiaaa  aaa 
fMiad  to  fall  aa  tha  aaaa  liaa.  tha  anlp  aigaifiaaat  darUtiaaa 
vara  far  llgaida  af  lav  viaeaaitp  aad  hl^  Mirfaaa  taaalaa.  It 
aaa  thaa  aanaladad  that  tha  prlaarp  iha^ogiaal  raqairiaat  far 
flaaa  thraoar  fhala  ia  paaadai^aatiaitp,  tha  lav  aaparaat  via- 
aaaitp  at  high  rataa  af  ahaar  paiMittlag  hl|^  aoaala  valaaitp 
at  raaaaaabla  prvaaaraa  aad  tha  high  apparaat  viaoaaitp  at  laa 
rataa  af  ahaar  provoatlag  kraakap  af  tea  bp  tha  drag  af  tha 
aarroandiag  air.  Mooavar.  aartaia  llgalda  ahiah  ara  ahart  (i.a. 
laak  atringiaaaa)  aad  ohiah  alaa  hava  high  aodali  af  rigiditp 
vara  faaad  to  ahao  graatar  braakap  ia  tha  air  aad  laaa  raaga 
teaa  atritef  lighida  af  tha  aaaa  apparait  viaaaaitp.  da  aataa. 
aiaaatar  oaa  darblapad  far  tha  avalnatiaa  of  atrlaginaao  af 
thaaa  fbala  aad  aaaa  avidaaaa  oaa  foaad  af  a  aialaoa  aataaai- 
bUitp  raqvlrad  far  aatlafbatarp  parfbraaaaa,  aap^iaaraaaa  dteya 
thla  valva*  haoaaar*  haviag  ao  baaafiaial  affaat  (tfaauarp  19^3)* 


Ac  •  nmlt  •f  tiM  fiwi— atal  atudy  mt  %b»  vliaeVaclMl 
propartiaa  of  iMonAlaiT  Mla»  it  ooMluiod  tMot  •■piriaul 
toot*  IfivolTiag  ostMaibllitf  miA  broakup  aad  adhaaiaa  an  iai^t, 
la  aaajMMtioii  with  a  detcaKiaatiaa  of  apparaat  viaeoaitj  at  tlw 
approprlata  lata  of  ahaar*  would  ba  of  aore  valaa  la  awaluatlag 
taa  faolo  Uiaa  a  tliovough  atudp  af  taa  ooaplax  rbaolagiaal  pra» 
partiaa.  Oataila  af  tlia  rtaeologlaal  atudlaa  of  taa  tnoamHanr 
gala  will  ba  fouad  la  pfwgiaaa  raporta  of  Jmio  I9b2  to  Maroh  Ifb!. 
OMD  No.  1589  aad  OdRD  No.  1393* 

Mhaolagiaal  aaaaaraaaata  wera  alao  aaarlad  out  aa  waai* 
aaata*  bath  thiakaaad  aad  uathlakaaad,  uaiag  aaauioaoal  aad 
Oatwaid^aanaa-Foadka  (aaplllaiv)  viaooalaatara  aad  a  raaoaaaaa 
alaataaMtar  aodiflad  far  uaa  with  fluida  of  law  wiaaoaitir.  li«a- 
tard»  aad  aixturia  of  auatard  aad  Lawiaita  thiakaaad  with  palf- 
atpraaa*  aathpl  aathaorylata.  laobutyl  aathaoajlata,  galwa,  alia* 
troao^rabbar  aad  toraaait(ahlariaatad  ruhbar)  wara  atudlad. 
itoat  of  tha  aaaplaa  axhlbltad  paaudaplaatleitj  la  varfiag  dagraaa« 
aad  a  faw*  partiaalarlp  thaaa  of  hlghaat  aolaaular  wallet*  had 
^aaarabia  alaatielty.  Howawar.  ao  ralatioaahip  waa  faaad  batwaea 
itm  itMalagiaal  prapartiaa  aad  tha  drop  also  diatributiaaa  oa  tha 
OaFaat  aoriar  taata.  (Auguat  i9^t  April-July  19^3) 


la  aaajaaatloa  with  tha  rhaologj  atudiaa*  tha  atabilltp 
af  tha  wariaua  iaaoadlair  tala  waa  datomlaad  awar  a  wida  naga 
of  taaparaturaa.  Thia  «aa  daaa  bf  aaaaa  af  aaaliag.  tha  aatarlal 
ia  a  giaaa  tuba  alaag  with  a  ataal  bail  af  apprapriata  aiaa  aad 
aaaaarlag  tha  fata  af  fail  af  tha  ball  froa  IIm  to  tiaa.  laaa 
af  tha  fbala  wara  atorad  ia  aaaoa  Jara  aontaialag  ataal*  boadai^ 
isad  ataal.  a to.,  tha  aatarlal  baiag  raaawad  far  wiaaaaatria 
aaaaaraaaata  at  tha  aad  af  tha  kaapiag  pariod.  Tha  aaoallaat 
atabilitp  diaplapad  bp  tha  iapala  typa  fOala  at  all  taaparaturaa 
playad  a  laaga  part  ia  tha  daaialoa  to  praduaa  thia  thiaaaaar  ia 
qaaatitr.  Tha  aaaufaotura  af  Napala  waa  bagua  hf  Huedax  ia 
Daaaabar  1999  <dulp  19^  •  Jaauarp  19^3)* 


gjttaaaiva  taata  wara  aarriad  aat  ia  aaajaaatiaa  with 
tha  ttaadard  Oil  Davalapaaat  group  aad  tha  Ghaaiaal  larfara 
•arwiaa  to  dataiaiaa  tha  boat  viaaaaiaatar  for  uaa  ia  apaaifl* 
aatioa  taatiag  af  Iapala.  A  aodiflad  (paddla  whaal)  itofsar* 
a  Pluab-lab  wioaaaiiMtor  aad  tha  Oardaar  Mobilaaatar  wara  aoa* 
parad  with  a  aw  bar  af  batahaa  af  Iapala  aad  it  waa  aanaludad 
that  tha  Oardaar  iaatfuaaat  waa  tha  aaat  aaaaiataat*  raliabla 
aad  fOal-praof {  haaaa*  it  waa  adoptad  aad  waa  uaad  throughout 
tha  War  ia  tha  taatiag  af  Iapala. 

MftftMTt  Mrt  9iililtoi» 

Ouriag  tha  walk  oa  rheologiaal  prapartiaa  of  Iapala 
fUala*  poor  agraaaaat  waa  aftaa  attaiaad  batwaaa  workaho  ualag 
what  wara  auppooad  to  ba  idaatiaal  aaaplao  af  Napala.  Aa  ia* 


^•■tigatlra  9f  tb«««  led  to  tho  — — iitloo  tlMt  tte* 

222-f**  «•"••?*  <•>  o*^**^^^  STollJ  ooS*^ 

®**  •ftor  drying,  (b)  Tariable  aoiotiiro  oontont  duo  to 
aoi^r  loM  of  ootor  iuring  otonkgo.  A  study  ooo  aado  of  thuuo 
lynooona  by  noons  of  drying  ooaploo  of  wet  pulp  ot  worlouo  tons 

SlSttJo'hSildltiM**®"*"*^^  of  S'ooop  at  wnrioud^ 

waia*-  noleture  content  on  wloooeity.  estonol* 

and  Illation  rate  of  several  Mapalae  was  etudlod*  and 
tMtotto  aottieda  of  detemlnlag  aolsturo  oonteat,  including  vaoma 
•JJJ*  bontene  diatillation,  and  Karl  Fisher  nothod,  were  invoott» 

. IK f  concluded  that  the  benzene  distillation  nothS*^M 
production  control  and  a  variationof  ** 
thio  nothed  was  adopted  for  spoeifloation  use.  or 

_  Oxidation,  ohioh  often  ooeurred  during  drying  or  on 
Wiyognent  storage  of  the  soap,  waa  found  to  bo  asaooiated  with 
Podnotion^  in  iodine  nunbor  and  to  bo  proMted  by  iron  and  aan» 
g^oe  ^ieh  ooeurred  as  inpurities  in  the  Vietory  grade 
extensive  studies  were  nado  of  tho  oxidation  eusoeptibllity  of 

^  **>*«*»  «*•  •®hP  is  ex! 

poood  at  elevated  tonperature  to  a  current  of  air,  aiM  tho 
peroxide  value  teat  (January-haroh,  ^eptonber-oeoenbor  1943), 


The  problena  associated  with  noisturo  and  oxidation 
and  various  ether  phases  of  the  general  prsblea  of  producing 
|tep4^  reliably  ^  Istgo  quantities  were  studied  by  this  ^^up 

peroonnol,  Chsnioal  Sarfaru 
oorvioo  Md  the  Napaln  nanufaeturers.  Mosul to  of  those  studiaa 
with  ft  detailed  dlfteuffaioa  of  a  profoirod  aamifaoturiw 
prsoedurs  are  given  in  0.d.M.0.  Mo.  2036  and  20360.  ^ 


Villas  sanple  n69  inoondiary  boaho 

IrJJ?*  Mapaln  were  regularly  reooivod  fren  each  of  tho 
filling  plants  along  with  sanplss  of  the  soaps  fren  »h^wh  the 
f>Mls  were  proparod.  The  stability  of  the  fuel  in  tho  honhs 
•as  followed  by  noans  of  an  esoil line ter  whleh  gave  a  neasuro  of 
ylseosity  without  requiring  the  bonbs  to  bo  opened.  The  t»»iebenT- 
ing  power  and  oxidation  sueeeptibility  of  the  aooonpanying  soap 

Aa  a  result  of  this  study  it  w^  eon. 
oittdM  that  the  thiekonlng  ;>ower  and  oxidation  rooistanoo  of 
tho  Mapaln  soaps  and  the.  stability  of  tho  fuels  in  the  bonbs 
were  quite  eatisfaotory  (septenber  19^3  .  Marsh  I9IA). 


*  lillSiblr^ljilJ**"'*  ®"  i£.i£.hsuor  and  S.K.Ogrvop, 


ia  15^3  ••••JMMdMd  pomA  MHplM  of  MapaUi. 
■•ffj** of  pagolar  proOnoUoiii  wofo  roooiood  fiw  mmAt 
•f  tto  toa  Boiwfaotttromi.  otabllitjr  of  tsolo  a«d«  fi«a  thaii* 
a^o^  at  oanrlas  aolatora  oontoata  aad  ronooatratioaa  ««ro 
owMioC  at  ordinal^  and  alaoatod  tonparatoraa.  Haanlto  of  *»*«f 
la^aUptloa  aliloh  wao  oarriod  out  ia  ooajunotlon  oith  ttaio- 
doat  Oil  paaolopaant  Ooapany  aro  gioan  la  o  b.R.D.  lu.  3500. 

^  5  vld#  wrlatloa  in  oonnisimoles  tMs# 

rao^  at  low  ooneantratloaa,  it  wan  roooaaondod  tiait  tho  offMt 
of  thla  variation  on  flaao  throwop  porforaanoo  bo  otadlod. 


laoorporatlon  of  aodorotoljr  atrong  dotoydratlag  agoato 
oneh  aa  allioa  gol^  ealoiua  oblorido  and  nagnaalna  aiilfato  ia 
aapala  fbela  waa  found  to  iaoroaaa  tholr  oonaiatonog  aad  oto» 
Mlitj.  tiliea  gal  waa  fouad  to  bo  tho  noat  offielont  agoat 
to  this  reapeot  (Pobruarjr  19M»).  foata  with  Mapala  oaa^ao 
too  a  mnibor  of  aanufaoturora,  howovep,  ahowad  that  ailioa  gol 
dMa  not  appraolably  ineroaaa  unifomity  of  eonaiatanoy  anoM 
taa  varloua  Napaloa  »nd  that  tha  ineroaaa  in  atability  ia  no 

troator  th^n  would  raault  froa  inereaaing  Napala  eonoontration 
0  givr  tho  aaaa  eonaiatanoy  (July  1945).  Howawar,  fuala  ean* 
toining  axeeaa  allien  gal  ahowad  eonaidarably  graatar  roaiatHnoo 
to  tha  deletarioua  affaet  of  xylanol,  aninaa,  aeid  aoldariiM  flus. 

Ctaaaiuo  aeatoto.  ete.^  than  ragular  Mapalaa  of  oqual  oonaio* 
noiaa. 

nam  Threat  r  etu^iaa. 

- _  „  Eorty  in  1944  two  niAl  flana  throwara  ooro  abtafnad 

twam  Chanieal  warfapa  Barwioa  and  thaao  wapo  firad  with  ***rn1o 
fbala  of  warioua  eoneantrationa  to  dataiuina  the  affaot  of  oon* 
^atanoy  on  fleam  dianatar  and  ran<^.  Tha  difforanoo  la  flaoo 
throwar  papforuonea  batwaea  Muodax  and  laperlal  Napaloa  of  oqunl 
oonooatratlona  waa  poiatod  out  aad  aa  a  raoult.  tha  laparial 
Map  waa  atandapdiaod  for  paekagiag  ia  tho  5>l/4  pound  eontaiaopo 
fl*14  aixing  of  tuela.  A  Kodaehreaa  aovie  ahooing  offMt  of 
fttol  eonaiatanoy  on  flaaa  throwar  parfoiaaaoa  along  oith  a 
ottotion  of  nixing  of  Napala  fbala  waa  prateMd  and  wao  oiroa- 
latad  widely  in  both  tha  European  aad  Pnoifio  thMtora  of  war 
(Mny-July  1944). 


Pl^aa  throwar  parfoMaaoa  of  fuala  OMpoundod  with 
xj^anol  aad  ether  paptisara  (aatoriala  ahioh  lower  Mnaiatoaoy). 
inMrporatad  to  iaprawo  pourability  aad  atability,  wao  datorw 
aiMd.  Aa  e  raault  of  axtonaiwa  taota  with  tha  MlAl  (Juaa  1944). 
1501  (Novai^r  1944)  aad  N2.2  (Auguot  19^)  flaaa  throwara,  it 
waa  eoneludod  that  Oardaar  Mnaiotaaoy,  irraopaetiwa  of  Oan^ji 
ooaaMtmtion,  io  a  roliabla  guide  to  porfornaaM  of  tha  flaao 
throwar  with  Napala  fuala.  Thua,  additivaa  whioh  iapart  propoiw 
tie  a  which  are  MairaMLa  ia  tho  preparation,  handling  or  atorago 
of  fbala  aay  be  inMrporatad  awon  though  thoy  raiaa  or  lower  tho 
Mnaiatanoy  m  long  aa  tho  Napala  Mnoontration  ia  edjuatad  to 
give  tho  dooirad  Mnaiatenoy. 


CMtidmbl*  wat  efriyd  out  y jL 

iB^aakw  teu4*a  raanaat  Ibr  a  fual  whieii  vawld  eoabiM  VM 
pplMipla  advaatasaa  of  untti«rM04  aad  <^|**^  ^***^*  y* 
fiaMOMoa  of  iMmlng  aad  ^dns 

flEd  ti  -oit  nolSj  Slal  tbd  S.irod  flaa.  oharaof  rUtlco. 
SZuard!!/?  to  5  fSwilar  Mapala  fuola  whloh  hato  about  mo 
!!2Ztotoaoo  Lw  Soh  CnB  otlr  tlaoo  ojid  poor  otability.  It 
vao  dooid^  thot  b.23l  llapala  roduood  ***f5  g“» 

■rlaael  or  wator  *«a  the  boat  aolution  to  tha  problaa*  b  oo^ 

tlflora,  Lnoludifig  tha  oioohola,  oatoOhol,  aad  turfear  rod  oU, 
la  addltioii  to  Winter  and  x/loaol. 


Th#  porfoiwiiMO  of  tho  Midi  flaao  thrtoor  mo  fM 

to  dopond  oonaidoraUj  u^  r**^*J.^!!iI^IJ!lJ*aJlator  tif  with 
m.  With  tho  1  aalao,  braakup  la  oonoldordbljr  graator  tnoa^wtm 

Um  ball  aalao  and  tho  raaio  iSJf’Sa 

lopala.  ranga  wao  found  to  bo  6$  ****  ball  aalao  and 

yl^d  with  tha  Y  aalao  (Fobruaiy  ISM^)* 


It  oaa  found  th«t  when  i*l  I2?" 

SS/!U‘rpSSni.S’?K.KrSJ^“i^i^ 

noli.  '<■•1.  •»  Mii*  ‘n» 

■•pala^aiia  3.5)t  w«»«r  Mm  pmmM^ 

frnaaararal  a^tooturoro.  fhoy  wore  found  to  h^o  oonaiaton- 
Olao  of  15  to  20  grana 

oloaatod  tanperoturaa,  fholr  flana  ^F^r  porwrnamo  i  - 
alnllar  to  that  of  regular  Rapaloa  of  tho  aoM  oonalatonof  (Haaoh 

and  April  1945). 


i  I 


m.  MiperataM  S*S!i2,J*l!SSS!!> 

fe*4vM»T*u‘5r^.i.r4^r/rs£^ 

oountoraetlna  tho  nomal  fSlJ^uIod^ 

tanparf'turo  (o.t.a.O.  Mo,  ld93* 

aith  srlonol  haao  nuoh  higher  oonalatonoloa  at  low  tonporatuma 
hi!h  md  thoso^ptlaod  with  w.tor  doaroaoo  to  eonala. 

S:®SU^il.S"J!jttoor??J!^j;t^  iiloiSfuSK 

ooaffieient  of  aloooaltj  era  tha  lower  allpBatxo  axoonoaa  i«wap« 
Auguat  19U5)* 


1 


-  -  JU**  f»»l»  ar*  Mind  ani  atoiad  at  90m6O*r 

iSaaM^S  Uaparatufa  at  ablali  JIapala  aaa^ 

uaaan^  witl^ut  a  p«ptigar)tthalr  eonslatanoiaa  ara  rmrr _ _ 

than  whan  tha  ^Jal  la  iiaad  at  B0»  F.  For 

^  «««•  InaUad  of  lo  gMa.  a^ 
y  haao  a  oonalNtanoy  of  250  instead  of  100  iirana.  Iho  dlfrawL 
JSJ*  ****•’••*•  pnrforaaiioo  botwaen  thaMahMtS  fiaiZ*^ 

«*•  oonoaSmUoririoMi 

AS  would  b#  sxpMtod  on  tho  liasls  ot  ffonolitonojF.  Ihis 
atanS*ir?.^!  **rlklng  oxoaptlon  to  tho  rule  that  Oaj^or^oon- 
rSlilKr  lISrSEJlh  d^tewlno.  porfoaniio. 

SiItri»arI*°''TS/V-^?I***?  tajiparaturaa  la  hanetloally  SolSt 
••■••jUiara,  Xaparlal  Napala  aa/  h^ve  a  oonslstaaaw  at 

a^^MBAAMa^wn^^  ***•  •^•P  •>*■  baan  storad  for  tao  aaaka  at  f&o*f . 
no  aaapMrad  to  a  noircl  eonsisteaoy  of  75  araBa.  ibe  laamlM  * 

«^*daama!l!?^fn^*  f®®®?*^****  *>P  Inoroaaa  la  aoiature  oontaat* 

*•“,  ind looting  that  aaaa  of  the  aa- 
<’®;W“®'»  *1«»  alaaliia  or  aono-eoap,  a.iterboS^ 
produoad  by  tha  raaotlon.  Storage  at  120“  F.  »»■  tauaa  «<* 

»n^®k*«l«a  vowar  la  tSl  ^oltS 
^“4?  aifflaulty  would  bTanooiataradalSp* 

ordinary  storage  ooadltlona  (FebnaosyiJune  194$).  ^ 

Zltld  Vlceoalia-ter. 

t^tsaalwa  tests  were  oarriad  out  la  aa  attanot  ta 
*  ▼laooalaatar  for  field  aaaluvtloa  of  thtetetaad  ^la 

Hi  SaJiSJ  hsttlrlal#  awalXable  la  tho  flold 

***^"  ooaalato  of  a  c  ration  oisa  with  a  lA  or  1/2 
alr^ar  opening  la  tha  bottoa.  This  Tlacoalaeter  la  aulta. 
?!  ®®2"^J®"®^®®  up  to  250  grans  Gardner.  iS* 

'"P®**®  of  ooaerlng  tha  eonslatanay 
23*1  loo^22d*r??  SU"®**  ^  “P  *®  J/U-lneh  dlaaatai 


dovloa  for  aoehAaloallj  foralng  tho  Oardaor  nIaM-ar 
SSyg?  S®  ^  5**®  •"**•  •  »®»«^  0.1  aal/Sa.WuS*^ 

5jr£«  ■®”  ■otoUonotars  alth  a  alngla  driwlag 

y^anlaa^  and  using  aanlas  with  naxlnua  Indlofitlag  polatara.  a 

"•’in*.®?..**"*  **•  offootad  la  tS  routlB?UsW 

of  Pupala.  about  16  to  20  teats  per  hour  being  possible. 

Ibo  teatniBoat  w#-a  tested  at  tha  Inparlal  Paper  and  Color  Cowil. 
pl^and  was  f^  f  glva  aa  rellabl#  rasulta  aiT tte^LaMp^ 
TTSS)!  •**'•**•"  19^.  ^0*^  dapart  to  bT^ 


PrcllaiiiaiT  t«stB  airrlBd  mt  m  •  MtlMd  mt 
lag  laaKla  by  rMirmllatiag  th*  gaMliaa^NapiOa  aixtar*  la  a 
iiin  with  a  «m11  paap  driwaa  by  a  gaaollaa  aaglaa.  This  pilaai* 

es  was  latar  wbadisd  la  ths  fiald  adxiag  aalt  (S-U)  dawaiapa* 
Glaawai^Brooka  (Oetabar  I9dk). 

■awa  Mlaar. 

la  tha  fhU  af  19^  tha  Mawy  raquestad  tha  dasalapMat 
af  a  aaatlaaauB  aiaiag  dawiaa  far  asa  aa  tha  daaks  af  airaraft 
aarriars.  lasts  wars  aurriad  aat  with  a  Ftaalar  Callold  Mill 
aad  a  Jaaparaaa  aiaar.  but  aalther  was  antlrsly  satlsfaatasy 
(daptsabaryOatabar  1994).  a  Hapala  soap  fsadar  for  usa  with  a 
aaatlnuaus  alxlng  dawlaa  was  dawalapad.  Aftsr  tha  Matloaal  fuasi 
iajaatloa  alxar  la  ooajunstioa  with  grauad  Mapala  was  a'loptad  by 
tlM  Mawy.  tasts  wara  enrrlad  out  oa  spaelflaatloa  aathads  of 
iat^raialng  stir  tlaa  of  ths  grouad  Mapala  (Marsh  1945)*  Tha 
tariatloa  la  stir  tlaa  of  a  represeatatlwa  grouad  N^pala  with 
■gwy  awiatioa  gasallnas  froa  various  souraas  was  dateialaad 
(April  1949).  A  raw  taats  wars  also  oarrlsd  out  00  agglsaaia- 
tlaa  of  grauad  Mapala  at  alawutad  taaperaturas  (May  1949}. 

Maar  tha  aad  af  tha  war  basa  alalag  of  fuals  for  uaa 
ta  flaa«  throwers  aad  blasa  boabs,  for  tha  purpasa  of  lapravlag 
rallablllty  of  parfoiaeaaa  of  thaoa  waapaas,  was  aonsldarsd  by 
tha  Ghaalaal  Werfara  tcmoa.  taaa  tasts  wars  e«rrlad  out  aa 
aariatloa  of  oonslstanay  with  tlaa  ead  taaparaturs  far  ragular 
aad  paptlsad  fuals.  It  was  daaldad  that  aloahol  paptlsad  Mala 
would  ba  Boot  generally  suitad  for  this  purpasa  (August  1945)* 

Misaallaneous  AddltlTsa. 

During  tha  eoursa  af  this  Inwastlgatloa  tha  affaat  af 
a  groat  variety  of  agonts  oa  Mapala  fuals  wao  studlad.  daong 
thasa  agonts  wara  altrotoluane  (uaroh  1944).  oarboa  dlsulfida^ 
(Jaaueiy  1944),  aotor  oil  (May  1944),  dlaeal  oil  U^st  1944), 
■laa  and  tin  (July  1944),  polybutana  (Oeoaabar  1944),  aagaealua 
aad  othar  pyrotaahnle  aata rials  (Ooaaabar  1944),  addltlvas  far 
aaatrolllng  dlsparslon  rata  and  oonslstanay  (January  1949),  «ad 
■iaaallanaouB  ehaalaals  (Oatobar  1942).  Many  agsata  vara  found 
ta  h<  va  a  daletarlous  affaat  on  fual  oonslstanay,  including  slaa 
(aa  long  aontoat),  sons  die  sal  oils  (partleularly  thosa  dark  U 
aalar),  potassluu  aaatata,  ate.,  la  addition  to  tha  aora  ooaami 
paptlsara.  Shan  carbon  disulfide  Is  substituted  for  gaaollaa  aa 
tha  aalvant,  law  taaperatura  Ignition  af  tha  fuel  la  greatly 
pravad  aad  eonsldaraULy  graatar  mnga  aaa  ba  attaiaad  by  tha 
flana  throwar,provldlag  adaguata  prassura  la  supplisd* 


Ill  MMIIMtloa  Vitll  tiM  •f  tlM  •f 

Mriit*  gasM  «0  Um  prapalllag  foM*  la  BMlujilgaa  tltm 
ttoOMNf  m  studj  aad*  mt  th9  of  tho  oeabiiatioa  gaa* 

iMto  of  eordlto  on  thlokonod  fuolo,  la  all  oaooo  otooro  tha 
hat  aaabvotiea  caaao  wore  fired  dlreotljr  lata  flaaa  thraver 
faol  tanka,  rapid  breftkdoon  of  the  fuel  oao  found  to  oaoan 
■aot  of  thle  breakdooa  oaa  attrlbutad  to  the  aolld  and  liquid 
aaalduaa  aarrled  Into  the  fuel  tanka  with  the  naaea.  Ho  braak* 
daun  oaeurred  when  tte  powdlor  gaaea  were  brought  into  aontaat 
with  the  fuel  after  flrat  being  ooolad  la  a  raaalwlng  veaael. 
fbala  eonpoundod  with  exeeaa  water  (*nlalnun  oaaalatenep*)  and 
thaaa  oontalalng  oHIbr  gal  ware  found  to  be  aonewhat  aora 
fualatant  than  regular  Mapaln  to  the  deletarioua  effaata  af 
ttM  aonbuatloa  gaaea  (Oatobar  19tk  to  haroh  19%9). 


i*unplng  ohAraeterlatioa  af  Mapaln  fUala  with  warlaua 
tppea  of  punpo  wf>re  Inweetlgated.  Capaeltlaa  of  the  w«rlaHa 
pnnpa  for  thickened  fuela  were  found  to  ba  woiy  naailj  the  aaaa 
aa  far  gaaollne  prorided  aufflolentlp  largo  auction  piplig(  and 

CP  porta  are  provldadt  thla  requlreaent  being  partleularljr 
ortant  at  eonalatenclea  over  JOO  graaa.  In  eoanaatlon  with 
thia  atudy,  a  general  aquation  for  preaaure  loaa  of  Mapaln  fUela 
In  plpao  of  varloua  alaea  wao  fomuli^ted  (Oatobar,  Novanber  19%t)< 

Xnveatlgatlon  waa  alao  nkda  of  Ignited  Jeta  of  thlMp- 
anad  fuela  propelled  by  varloua  punpo  with  a  view  to  uolng  a 
aa  the  propelling  force  in  the  neahanlaad  flane  thrower, 
ay  noane  of  high  apeed  movlea  and  a  pioao  elf'Otrle  preaaura 
pickup.  It  waa  found  that  the  difference  between  thoao  Jeta  and 
thaaa  propelled  by  gaa  preaaura  waa  attributable  to  pulaatlona 
in  nocrle  preaaura  and  Jet  valoelty  whleh  occur  an  Integral 
nanbar  of  tinea  per  revolution  of  the  punp.  ohan  thaaa  pulaa* 
tlona  are  too  leige  the  Jet  breaka  up  Into  evenly  apaaad  "awonaa* 
af  fuel  which  are  Ineoapletely  covered  with  flane.  It  ana  faund 
that  these  pulaatlona  could  be  conpletaly  elinlnatad  bf  nanna  of 
n  apaalal  aurga  ahanbar  (Harah,  April  I9t5). 


Aa  a  re  cult  of  the  invaatl^tion  of  punp  prap^ad 
Jeta,  an  experlnental  punp  operatad  flane  throwaa  utilialng  an 
Xna  aarew  punp  and  the  £-7  flane  gun  and  nountad  an  a  Muiak 
ehaaala  oaa  aaaanblad.  Thla  unit  parfomod  aa  aatlafaatorily 
that  It  waa  daaldad  to  develop  a  punp  operatad  flane  thrower 
nauntad  la  the  MdA3  tank,  thia  projaot,  undertaken  ahortly  ba* 
fare  the  end  of  the  w,r,  will  ba  acnpletad  under  Chanioal  aar> 
fare  torvlaa  eantraet  (iiay*Augttat  19H). 


. .  tla«  to  tlM  during  tiM  MvrM  nf  to*  inmstign. 

tiM  pvrprrtUa  of  •  rmrtotj  of  thtokoiiom  woro  otodioA. 
fmoo  ineludod  iipooiia  hlgli  foiling  pooor  nopaln  <Ain(uot  I9d4). 
o»loi«n  nophtlMHioto  (dilutant)  (toptonbor  I9to),  diroot  roMtiM 
ninninnn  nophthonate  (toptanbor  19W)«  oubstltuto  (loo  napbtbonln) 
■teto  (Moroh,  May  19%5)|  Valono  (toOMbor  I9h2,  April  196)/^' 
alwiiittn  orooylato  (April,  May  fatty  aeida  with  aniMs  or 

inorganio  hydroxide  (Moranber  I9to}  and  Ivory  aoap  riakea 
(toptanbor,  Nevaaber  1944).  in  noat  oaaea  thane  otudlaa  oonaiatoA 
of  laboratory  Invoatlgatlona  of  thlokenlng  pooar,  aolatnre  aua* 
ooptlbillty,  ato.  firing  triala  ware  oarriad  out  with  Valona 
and  aoap  flakaa,  parfomanoa  being  poor  la  both  oaaoa. 


Klbora  of  nitroealluloaa,  apnn  aoatoto.  ooodpuip.  lari, 
polyatyrona,  naoaprlnt  and  Viayllta  ware  triad  an  gaaolina  toiok- 
onara  early  in  tho  InToatigatlon.  Of  thaaa  the  pulped  naoaprint. 
partleularly  in  oonjunotion  with  a  Mall  anount  of  Napala,  ap- 
poarad  noat  aatiafaotory.  Thaoa  aaterlala,  howaror,  poaaaas  a 
yidld  value  and  ehaanal  badly  In  flana  thrower  fuel  tonka,  thoir 
porfornanoa  In  tall  ajaotion  Inoondi&rlaa  wae  found  to  bo  quite 
Oatiafaetory.  It  waa  found  oonvoniant  to  dieintograta  tho  noon- 
point  la  a  »ilay  Mill  or  henna r  nill  prior  to  dlaperalM  la  the 
ami  toe.  the  noat  generally  aati8f<^otory  fiber  thlokaner  for 
taa  M69  bomb  waa  found  to  bo  oallooottoa.  In  the  towm  of  wadding 
or  rope.  Kievan  to  rourtaan  peroant  of  this  notarial  in  gw—it^ 
or  gaaollne-fual  oil  mixtures  waa  found  to  perform  as  satiofaotorAljr 
na  the  soap  thiekanad  fuels  In  sinulatad  attlo  struetura 
tests  (August  1942  to  M&reh  1943}. 

An  Investigation  was  node  of  the  feasibility  of  think* 
onihg  vesieants  with  eollulosa  fibers,  frolininary  airplane 
spray  tests  »ith  novsprlng  ground  In  a  laboratory  wiloy  Nill 
wore  quite  promising.  However,  eonnareially  ground  sanplaa 
(tprout*Waldn>n)  vara  not  as  satisfactory*  It  appeared  that  the 
proportion  of  long  and  short  flbarod  naterlal  was  of  great  in* 

Brtanea  and  that  the  eoneratration  of  the  naterlal  producing 
a  proper  afflux  tine  was  vary  orltloal,  fUrtharnora,  loss  of 
the  fiber  thiekanad  naterlal  than  of  the  polymer  thiekanad  was 
in  the  desired  drop-site  range  (llay*8optMbor  1943), 


The  projoot  of  developing  the  M69  boto>  for  use  in  sprny* 
ing  nnstard  was  undertaken  early  in  I943,  It  was  found  that  wiiro 
tho  ohargs  Is  fired  from  tho  bMb  without  alterations  too  distri¬ 
bution  of  mustard  Is  about  forty  tines  that  required  to  produeo 
oasuslties.  Numerous  dovioos  ware  triad  for  sausing  greater 
sj^ead.  Most  satisfactory  results  ware  obtained  with  m  inner 
burster  ease  \riiioh  is  ojsotod  upon  inpaot  of  tho  M69,  Tho  tine 


fuf  on  this  inner  mss  is  sst  ts  fls  off  st  s  hsight  sf  100i>890 
fsst*  A  msshsr  sf  thsss  bsabs  ssrs  nsds  up  sad  ssnt  ts  Osgsajr 
fsr  testing.  Rssults  «ers  sufMoisntlp  pronising  that  furthsp 
dsvslspswnt  of  ths  «e«pon  was  taken  over  by  the  Munitions  Osvslsp* 
■ent  Lsbomtonr  st  ths  unissrsitjr  of  Illinois. 


In  the  spring  of  rsrrs  uassisl  6srp.»  mter  sab> 
ssatrsst  with  testsudi  Kotek  Cssiponyt  undartssk  to  dsvsXsp  s 
4ssiss  aAsrskgr  Napalm  and  gasoline  oould  bs  mixod  oontlnususly. 

Wf  rsbruary  19^  a  prototyps  had  been  asssnblsd  and  tested  by 
ths  Chenisel  Warfare  Cenriss.  This  oonsistsd  of  a  gasslins 
pMPf  a  hopper  fsedor  nhlsh  matorsd  ths  Napulm  into  ths  gSMlins 
strean,  a  gear  grindor  through  uhieh  the  Napaln-ga  Milne  olMrvy 
•as  forosd.  a  power  plant  Mnsisting  of  a  small  gasoline  engine, 
and  a  gasoline  heater*  ainee  the  grinder  perfomsd  satisfastoriiy 
only  at  temperatures  of  90*  f.  or  above.  Althoui^  ths  unit  to* 
quired  oonslderable  aodiflMtlon*  it  was  dssidsd  ts  undertake 
nanufaeture  of  a.  revised  nodel. 


The  prodttstion  of  ths  nizsrs  sas  turned  over  ts  ths 
Cleave r-drooks  Company  of  uilvaukse  on  purshass  order  frsai 
Castman  Kodak.  It  eas  found  that  after  the  Ferre  mixer  had  been 
redesigned  along  the  lines  suggested  by  Cheuisal  warfare  ServiMf 
ths  unit  was  too  heavy  and  ounbersome  to  bs  useful.  In  the  nssn- 
tine*  an  altnrnats  form  of  mixer*  eonalsting  of  a  gasoline  engine 
driven  pump  for  ciroulating  ths  Napalm-gasoline  mix  in  an  open 
head  dmia  until  gelation  oeeurs*  had  been  developed  by  Cleaves^ 
Brooks.  This  equiixssnt*  designated  as  the  it«-ll  mixer.  *  appeared 
M  promising  that  six  units  were  produced  and  wore  being  tested 
by  the  Ansed  Forees  at  the  end  of  the  war. 
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